Commercial hops, the dried cones of the hop vine (Lupulus humul-us), contain two antibacterial agents, lupulon and humulon. Methods of preparation of the compounds, their chemical structures, and their inhibitive action against Gram Lupulon is moderately stable to both acid and alkali. At room temperature in the presence of air it is very labile. In the crystalline form, it may become yellow and amorphous within a few days. This change is much slower at 50 C. in air; storage for several months is accompanied by development of a characteristic odor, though color development is not marked. Lupulon crystals appear perfectly stable in vacuo even at 600 C. Recently, Lundin (5) has reported that oxidation of lupulon (and humulon) is promoted by daylight and by metal oxides and that the oxidation is much more rapid in petroleum. ether than in alcohol. F. Stitt and G. F. Bailey of this Laboratory have found that the ultra-violet absorption spectra of very dilute solutions of lupulon in petroleum ether or in isooctane change very rapidly on standing at room temperature, but similar solutions in methanol or water have more stable spectra. 
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Michener and Andersen (6) slowly turns brown at room temperature in air, but not in vacuo. In aqueous solution at neutrality, or particularly in alkaline solution, humulon is transformed by boiling to an unidentified product which is not precipitable by lead acetate but which is believed by Walker (7) to retain some antibacterial activity. Quite recently, Verzele and Govaert (8) have reported the chromatographic separation of the immediate transformation product of humulon ("isohumulon"). They state that on boiling in methanol solution, humulon is quantitatively converted to isohumulon. On boiling with aqueous alkali, they found isohumulon to be converted to humulinic acid. Humulinic acid has been prepared in this Laboratory by boiling humulon with 1 N NaOH (2). It proved to be antibiotically inactive. Michener and Andersen (6) found no loss of bacteriostatic potency against Staphylococcus aureus when 40 ppm. of humulon in phosphate buffer at pH 6.5 or 8.5 was autoclaved. However, the presence of low concentrations of ascorbic acid extended the duration of bacteriostatic action of humulon as well as that of lupulon.
METHODS AND RESULTS

Assay
Lupulon in simple solutions may be determined by its inhibitive action on Gram-positive bacteria in turbidistatic or cup-plate tests. A reduction of the bacteriostatic action of lupulon by blood serum, the mechanism of which is being investigated at this Laboratory by L. E. Sacks, prevents the use of such a method for determination of lupulon in blood and other tissues.
A tentative spectrophotometric method of analysis for the lupulon and humulon content of hop extracts has been developed by F. Stitt and G. F. Bailey of this Laboratory and will be described in a coming publication. recharging.
Isolation of hop antibiotics
With bacteria-streaked plates, incubation was carried out at 35°C. for 18-20 hours, except for Sarcina lutea, the mycobacteria and the actinomycete, which were incubated for two days. Yeasts and other fungi were incubated at 30°C. for three days. After incubation, the results of growth were recorded and compared with control plates lacking the antibiotic. The inhibitory endpoint was taken as that dilution of the antibiotic which completely or nearly completely inhibited growth of the test organism. To reduce error, each spectrum was run five to ten times on different days, with replicate dilution plates each day.
Humulinic acid was found to be inactive at 0.1%o for Escherichia coli, Micrococcus Although inactivation by serum in vitro might by present concepts eliminate an antibiotic from further consideration for internal and other applications, such an effect does not prove a lack of therapeu-tic value. In fact, the positive influence of lupulon administered orally or intramuscularly in oil on mouse tuberculosis as described elsewhere (1) suggests that otherwise promising tuberculostatic drugs if discarded solely because of inactivation by serum in vitro should be reevaluated by animal infection tests.
SUMMARY
The isolation, chemistry, assay, and antibiotic spectra of lupulon and humulon have been briefly discussed. A Bureau of Agricultural and Industrial Chemistry Circular of Information entitled "Antibacterial Agents from Hops," in which are summarized the findings of past and present studies of these substances, is now available for distribution.
The Western Regional Research Laboratory is preparing lupulon and humulon in amounts which will allow for distribution on a limited scale to parties interested in their evaluation.
